Introduction.-The metamorphic changes transforming the tissues of the tadpole into those of the mature frog have been shown to be under the "control" of the thyroid hormone. That is, they fail to occur, if the hormone is absent. However, it is becoming increasingly clear that "control" does not mean the determination of the specific character of the ensuing changes, but refers merely to the reactivation and further sustenance of different chains of morphogenetic events, temporarily arrested in the larval stage, then continuing in each tissue reacting according to its own characteristic properties. Hormone action does not initiate heterogeneity in homogeneous tissues; it merely leads to the realization, including visualization, of latent differences based on pre-existing heterogeneity. The mosaic of terminal hormone effects is anticipated by a corresponding latent mosaic of differential susceptibility and response among the various reacting tissues (Weiss, 1924) . In brief, the morphogenetic action of a hormone is not too unlike the action of the photographic developer in bringing out the latent picture on an exposed plate.
It is less clear whether tissues react essentially as units, perhaps as a result of regional vascular or metabolic changes, or whether each cell responds separately as an individual. This problem has broad significance particularly in the case of the nervous system. Many behavior patterns, e.g., mating behavior, are dependent on sex hormones (see Beach, 1950) much in the same way as amphibian metamorphosis depends on thyroid. The fact that metamorphosis is accompanied by profound behavioral changes makes the parallel even closer. Yet the neurological basis of these hormonal effects on behavior is still quite obscure. It is reasonable to assume that it consists of the selective and differential response to hormone of certain neuron systems, in contradistinction to others, based on innate differences among the respective neurons. The following account presents a crucial demonstration of such critical differences among neuron types in their response to the metamorphosing hormone.
The Test Object: Mauthner's Cell (M-Cell).-The hind brain of the tadpole contains, at the level of the entrance of the vestibular nerve, a single pair of giant cell bodies, so-called Mauthner's cells (hereafter referred to as "M-cells") with large descending axons generally considered to be concerned with swimming movements of tail and trunk. For further details about these cells, we may refer to two recent reviews (Stefanelli 1950 (Stefanelli , 1951 . During the larval period, the M-cells can easily be told from all other neurons of the surroundings by their extreme size. After metamorphosis, evidently correlated with the loss of undulatory swimming, (Hamberger and Hyd6n, 1945; Edds, 1950 (Rossetti, 1947; Stefanelli, 1951) , though remaining subject to size variation in accordance with the extent of their dendritic fields. Nothing was known, however, about the factors causing their metamorphic reduction. Considering that neurons deprived of peripheral connections atrophy (Weiss, Edds and Cavanaugh, 1945; Sanders and Young, 1946; Cavanaugh, 1951) , the M-cell regression could have been ascribed to the shrinkage of their peripheral field in the course of tail resorption. Failing this explanation, the next plausible assumption would be that the M-cell body itself reacts adversely to the metamorphosing To test the loss of tail innervation, either tailless larvae were produced by removing the tail bud in the embryo, or the tail was later amputated and kept from regenerating by periodic reamputations, or, lastly, the spinal cord was hemisected in the second trunk segment, the anterior stump be-ing turned upward to prevent reconnection of the longitudinal tracts containing the M-axon. The success of the operation was later checked histologically.
The effect of thyroid hormone on the nerve cells was tested by the technique developed in this laboratory by Kollros (1943) , implanting a hormone source in the vicinity of the hind brain. We used either fragments of rat thyroid gland or flakes of agar ca. 0.5 mm. across, soaked for 20 minutes in a 1:1000 solution of thyroxin (synthetic "Roche Organon"). In control experiments, fragments of parotid gland of rats were used. The grafts were placed either into the fourth ventricle itself or on top of the choroid plexus. Most animals were sacrificed within the first week after the operation. They were-fixed and stained either by Bodian's protargol technique or, for mitotic counts, by Heidenhain's iron hematoxylin. Brain cells were measured by projecting the slides on paper under high magnification, selecting in each preparation 100 cells at random from the vicinity of the M-cells and recording their nuclear diameters in equidistant size classes, as described previously for nerve fibers (Weiss, Edds and Cavanaugh, 1945; Cavanaugh, 1951) . In M-cells, the longest and shortest nuclear diameters were measured, and in addition, the area of the:largest cross-section of the whole M-cell body. was determined by planimeter.
M-Cell Bodies after Amputation of M-Fibers.-Both tail amputation and high spinal cord severance deprived the M-fibers of a major portion of their length and all the corresponding innervation area. Contrary to expectations, this trenchant reduction of peripheral load left the size of the cell bodies essentially'unaffected.
Tail Amputation: Tails (15-25 mm. in length) were amputated in 6 tadpoles (28-36 mm. total length). The 12 M-cell nuclei of these animals (1, 3 and 6 days postoperative) measured 82.7 square units on an average, while 12 M-cells of normal control animals of comparable age and size (tail length 20-23 mm., total length 30-35 mm.) averaged 81.6 square units. Thyroid treatment, as will be shown later, produces its most marked effects on cell size during the first week. The fact that tail amputation had no effect whatsoever during the-corresponding period is therefore significant. Spinal Cord Hemisection: Table 1 summarizes the measurements of Mcells in 13 animals preserved at various intervals after unilateral cord section. Of the two M-cells of each animal, one ("control") has an intact fiber with noI"mal peripheral distribution, while the other ("experimental") has only a fiber stump. Yet both cells have remained about equal in size up to 29 days after the operation, averaging M1A and 80.2 square units, respectively, which is nearly the same value as in the preceding series.
In conclusion, amputation of a major portion of an M-fiber by either method has failed to cause regression of the cell body within the period of investigation. The Nissl pattern of the cell bodies was likewise found to have remained unaltered. These facts seem to prove that, contrary to Bodian's (1947) assumption, the mere loss of axonal substance does not of itself cause neuronal atrophy. Such atrophy, where it occurs, is rather the result of the loss of functional connections (Weiss, 1950) . In the present case this would lead one to suspect that the residual collateral connections of the M-fiber stump or newly formed connections at the level of transection may have been sufficient to preserve the integrity of the neuron.
At any rate, these results rule out the idea that M-cells regress after metamorphosis because the resorption of the tail has deprived them of innervation territory. We therefore turned to the second alternative, that of a direct response of the M-cell body to the metamorphosing hormone of the thyroid. figure 2 (dotted line).
By contrast, table 4, summarizing the cases with thyroid grafts, shows a marked elevation of the mitotic index, particularly during the early days following the operation. On the third day postoperative, the mitotic index reaches an average (6 cases) of 61.5, which is about 600% of the normal and control indices. From this peak the index gradually declines (Fig. 2) , until by day 15 it has returned to a normal level. Comparison of columns c and d shows that external features of the animals have advanced by several stages, indicating a regional acceleration of metamorphic events by the thyroid discharge from the grafts. Thus by the sixth day postoperative the various heads showed characters of regular stage XXI-XXII larvae. In view of the fact that the mitotic index at such late stages would normally already be very low (less than 1; see tible 2), the average. of 22.2 for the seven animals counted on days 6 and 7 postoperative is still extremely high. It is difficult, therefore, to decide ho.w much of the. decline. of the curve in figure 2 is due tothe dissipation of the hormone source as..a. result of the disintegration and phagocytosis of the graft, and how much to the precipitate maturation, hence depletion of germinal cells, of the. ependymal layer.-But the fact that hormnoneidelivery from the graft is of limited duration will be further supported below.
In the brains with t-hyroid.grafts, an occasional extra-ependymal mitosis was observed, but these seem to have been true germinal cells which had simply been crowded out from their ventricular sites during division. Table 5 gives the mitotic counts in the vicinity of grafts of boiled rat thy.
roid. The average index of 13.Q9, (Fig. 2) our experiments must presumably be attributed to differences in the mode of release. Either the-tells of the fresh gland continue to produce hormone even. after grafting, or, more likely, the boiled gland has.been so altered in the process of boiling and coagulation that hormone will not be as readily released, especially since the boiled cells, in contrast to live ones, will not undergo autolysis.
The mitotic effect of thyroid grafts placed near the fourth ventricle spreads far down into the spinal cord. B. Effect on Cell Size: While the ventricular cells near thyroid grafts grew and divided, the cells of the mantle, which had lost their mitotic capacity, just grew in size. Table 6 lists 10 cases with thyroid grafts, 10 cases with thyroxin-agar implants and 10 normal controls of comparable average ages; in each case, a random sample of 100 nuclei from the vicinity of the M-cells was taken and their distribution according to diameter classes recorded (the nuclei being nearly spherical). From these figures, the total relative volume of the 100 nuclei was calculated according to the formula: This antagonistic response of the two neuron types suggests some fundamental difference in their constitution. On the other hand, it is equally conceivable that the growth stimulation by thyroid is merely an inverse function of cell size, reversing its sign at a critical size level above that of the largest non-M-cells, but below that of the M-cells. This possibility, however, is ruled out by the fact that all size classes of non-M-cells are about equally enhanced. Figure-4 shows the histogram of nuclear diameters for the non-M-cells in the three groups of animals listed in table 6. It can be seen that the thyroid treatment has moved the whole nuclear population up by approximately one size class; the larger size classes are, if anything, favored. The graph also gives for comparison the mean diameter values of the M-cell nuclei, showing the displacement in the reverse direction from that of the histograms of non-M-nuclei. Histograms of non-M-nuclei in normal (--* --) and thyroid-grafted cases (-O-) and record of the mean diameters of the M-nuclei (Xenopus laevis).
Histograms for the M-cells were made from planimetric measurements of the largest cross-sections of the cell bodies rather than from nuclear measurements, the greater accuracy of this ifiethod seemed indicated in view of the fact that the size of the sample of M-*is was only one-fiftieth of that of non-M-cells. Values for thyroid-and thyt6xin-cases have been pooled. The resulting histograms for 24 norml (----) and 43 experimental (-0 -) cells are reproduced in figure 5 ; the size classes are on a different scale than those in figure 4. It is inimndiately evident from the graphs that thyroid treatment has affected all M-cells about equally, regardless of size, causing a shift of the whole population downward by about 3 size classes. These data prove clearly, particularly when taken in conjunction with those of figure 4 , that the poputlations of M-cells and of non-M-cells VOL. 37, 1951 react as wholes in qualitatively different fashions, and that cell size as such is not a decisive factor.
The average -volumes of M-cell bodies, computed fromAhe planimetric data, were in the thyroid series approximately 60%. of thosd of the control series. Comparing this value with the corresponding reduction-of nuclear volumes to ca. 80% (Fig. 3) , it appears th1gt Bok's formula (1934), according to which the volumes of{ecell bodies df haeurons vary s the sqtiess of their nuclear volumes, holds roughly in tht3present casd, too. It has likewise been found to apply to the atrophy of ganglion ce1ls;followingt peripheral disconnection (Cavanaugh, 1951) .
. All expeents described in the foreging -wei 4dne in Rana pipiens. An additional series with grafts of rat thyroid -wttmctrried out in the faster growing South African clawed toad, Xenopls laevii. fT1i)hresults; compiled Figure 9 shows the increase in cross-sectional area in the medullae oblongatae containing thyroid grafts. As one can readily see, growth is initially accelerated, falling off by the 6th day, in general agreement with the detailed cell events discussed above. In figure 10 , finally, the growth curves of the thyroid cases and of normal controls of comparable ages (taken from Fig. 8 Discussion.-The local hormone applicati4 in these experiments has but precipitated events which eventually woutd have taken place in the course of normal metamorphosis. -in-this regard,--the results merely amplify earlier observations on circtumscribed metamorphic changes in the vicinity of thyroid grafts (e.g., Hartwig, 1940; Kollros, 1943 Cross-sectional increase (area in arbitrary units) of hind brain and its gray matter in normal larvae up to 100 days. a normal feature of these brains during metamorphosis anyhow; but we now have proof that while the change as such is brought on by the thyroid hormone, the pattern of the change is predetermined in the responding cells, Growth of croas-section of hind brain following thyroid implantation, at approximately stage NP2 of figure 8.
which evidently constitute a mosaic of quite diverse cell species. Thus, both the property of M-cells to respond to thyroid by involution, and the property of non-M-cells to respond to the same agent by growth, are but at-tributes of the more distinctive constitutional differentials acquired by these various cell types previously in the course of embryonic differentiation. Having been dealt with comprehensively in some recent publications (Weiss, 1949 (Weiss, , 1950 , these problems need not be labored here further. Two points, however, should be reemphasized. First, since the differently reacting cell types lie intimately intermingled, their differential response cannot be attributed to differential exposure t and accessibility by, the hormonal pool. Second (Weiss, 1950b) . The evidence pertains both to the fact that specific qualitative differences among neurons exist and to the relevance of these differences to the establishment and maintenance of functional order in the nervous system. Their relevance to the insuring of de-velopmental order, in counterplay with the humoral milieu, is demonstrated clearly by the results of this paper. Whether this also brings us any nearer to an understanding of the relation between hormone action and patterns of behavior remains to be ascertained. Summary.-Grafts of rat thyroid or thyroxin-agar implants near the hind brain of tadpoles produce within a few days a burst of mitotic activity in the neural epithelium and marked growth of nerve cells with the exception of Mauthner's neurons, which atrophy. Evidence is presented to show that this antagonistic response, which occurs similarly in normal metamorphosis in response to the metamorphosing hormone of the thyroid, is based upon qualitative differences among the neuron types involved. The data confirm the view that hormones do not create differentials among equipotential tissue units, but merely help to realize preexisting latent differentials. The results stress anew how relevant qualitative diversity among neurons is to the development of neural order, and perhaps suggest a clue to the mechanism of hormonal "control" of behavior.
